Background
It is well known that obesity increases the risk of multiple medical problems [1] , including coronary artery disease [2] and type 2 diabetes [3] . Numerous risk factors related to the development of childhood obesity are also known and include a sedentary lifestyle [4] , a hypercaloric diet [5] , and lack of sleep [6] .
Over the past four decades, children's sedentary lifestyle has been grossly impacted by the increased use of screen technology, including TV, cell phones, computer entertainment, and video games. Data vary on the amount of time children spend with screen media, but even the most conservative findings have shown that American children between the ages of eight to eighteen years old consume an average 7 hours of screen media per day [7] . Increased exposure of screen time has been suggested to influence other health-related behaviors, such as eating junk food [8] and lack of physical activity [9] , which may in turn contribute to obesity [10] . Current research has shown that just two hours a day of screen time is associated with an elevation of blood pressure in children [11] and prolonged TV viewing is associated with increased risk of metabolic syndrome [12] .
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While evidence shows screen-time is a risk factor for childhood obesity, studies have not investigated which type of screen time has the greatest impact on childhood obesity.
Methods

Participants and procedures
Participants were parents of 135 children from a pediatric weight management clinic (61.5% female; mean age = 10.9 years, SD = 3.5; mean BMI z-score = 2.42, SD = .55), who completed a questionnaire about child demographics, health problems, and child behaviors including sleep, physical activity, screen time, Fruit/Vegetable (FV) consumption, and snack food consumption. Research was approved by the Institutional Review Board of the Penn State College of Medicine, 042914EP.
Measurement of clinically-relevant outcomes
Weight status: Children's weight status was measured as BMI z-scores, calculated from weight and height information obtained by the clinic staff. The BMI z-score was obtained using online software (http://stokes.chop.edu/web/zscore). Each child's BMI z-score is his/her BMI converted into the number of standard deviations it is from the mean BMI for all children of the same gender and age, with a BMI z-score of zero indicating the child's BMI is at the mean for his gender and age, a negative BMI z-score indicating the child is below the mean, and a positive BMI z-score indicating the child is above the mean.
Health problems: Parents were asked to report whether (0 = no, 1 = yes) their children had been diagnosed with each of 15 health problems: migraine, reflux, constipation, thyroid problems, high blood pressure, heart problems, sleep apnea, diabetes, metabolic syndrome, insulin resistance, polycystic ovary disease, menses problems, joint problems, liver problems. The child's score for health problems was the number of these 15 health problems reported by the parent. (Table 1 shows descriptive statistics for child demographics and study variables.)
Measurement of child behaviors
Child sleep (hours/week): Parents were asked "How many hours does your child typically sleep each night?" Sleep was then calculated as the sum of hours reported for the seven days of the week.
Child physical activity (hours/week): Parents were asked "If physical activity is defined as riding a bicycle, running or walking, swimming, playing a team sport, playing a racquet sport, dancing, or going to the gym, how many hours per day?" Physical activity was then calculated as the sum of hours reported for the seven days of the week.
Total child screen time (hours/week): Parents were asked "How many hours does your child spend watching television, being on the computer, playing video games, and using a cell phone per day?' Screen time was calculated as the sum of hours reported for the seven days of the week, with the total screen time calculated as the sum of these sums.
Fruit and vegetable (FV) consumption: Parents reported the number of 41 common fruits and vegetables children consumed at least monthly.
Snack food consumption: Parents reported the number of 10 common sweet and salty snack foods children consumed at least monthly.
Data Analysis
The first goal for data analysis was to determine whether child behaviors were associated with each outcome variable (BMI z-score, health problems), while controlling for child demographics (age, gender). For each outcome measure, SPSS 23 software was used to conduct hierarchical multiple regression with demographics entered in the first step, then with five child behaviors entered in the second step (sleep, physical activity, total screen time, FV consumption, snack consumption) ( Table 2 ). If total screen time was found significantly associated with an outcome measure (BMI z-score, health problems), the second goal for data analysis was to again use SPSS 23 software to conduct hierarchical multiple regression, with demographics entered in the first step, then with four types of screen time entered in the second step (television, video games, computers, cell phone) ( Table 3) .
Results
The hierarchical multiple regression analysis for weight status (BMI z-score) revealed that after controlling for child demographics (age, gender), heavier children tended to have less sleep, less physical activity, more FV consumption, and more screen time, with the set of variables explaining 32% of the variance in child weight status (total R 2 = .32) ( Table 2) . Additionally, follow-up hierarchical multiple regression analysis to examine which type of screen time was most associated with weight status revealed that, again after controlling for child demographics, heavier children tended to have more cell phone use, with the set of variables explaining 23% of the variance in child weight status (R 2 = .23) ( Table 3 ).
The hierarchical multiple regression analysis for health problems revealed that after controlling for the child demographics (age, gender), children with more health problems tended to have more screen time, with the set of variables explaining 22% of the variance in child health problems (R 2 = .22) ( Table 2) . Additionally, follow-up hierarchical multiple regression analysis to examine which type of screen time was most associated with health problems revealed that, again after controlling for child demographics, children with more health problems tended to have more cell phone and computer use, with the set of variables explaining 23% of the variance in child weight status (R 2 = .23) ( Table 3 ).
Discussion
Our finding that increased BMI z-score is related to less sleep, less physical activity, and more screen time is consistent with numerous other studies [13] [14] [15] . Increased BMI z-score was associated with a greater number of fruits and vegetables eaten. Although we predicted children who ate fewer fruits and vegetables would have a higher BMI z-score since fruits and vegetables could be replaced with higher-caloric density foods, other research has found overweight status was not related to intake of fruits and vegetables [16] .
Past research has shown not only are the hours of screen time positively related to BMI z-score, but several types of screen time, such as television, digital versatile discs/videos, and video/computer games are also associated with gains in BMI [17] . As far as we are aware, this study is the first in the literature to show that cell phone use rather than other forms of technology is associated with higher weight status and health problems in children with obesity. We found that although children, on average, spent less time on their phones than watching television, playing video games, or on the computer, the cell phone was the only form of screen time that was significantly associated with BMI z-score, with the heaviest children spending the most time on their phones. Because adolescents have even greater access to cell phones compared to this sample of children, future research on the association of adolescents' weight and health status with cell phone use should be examined.
Screen time (both as cell phone and computer use) was the only child behavior associated with health problems related to obesity. Although increased screen time could contribute to overweight which could lead to the health problems associated with overweight, it could also be the case that as children develop more health problems, they spend more time engaged in sedentary activities such as various forms of screen time. Weaknesses of this study include small sample size and unconfirmed parent reporting of child medical conditions and behaviors.
Conclusions
Even in this clinical sample in which all the children were either overweight or obese, child behaviors (less sleep, less physical activity, more screen time) were predictive of weight status and health problems in children with obesity. These behaviors would be appropriate targets for intervention to improve clinically-relevant outcomes in children with obesity, a suggestion consistent with previous studies [18] [19] . We also found that the heaviest children, and children with the most health problems tended to spend the most time on their cell phones. A growing number of phone applications have been developed to address child overweight, but future research is needed to determine whether any of them are effective interventions for child obesity [20] .
